The contents of this report are not to be used for advertising, publication, or promotional purposes. Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products.
The findings of this report are not to be construed as an official Department of the Army position, unless so designated by other authorized documents.
Waterways Experiment Station Cataloging-in-Publication Data
Mdler, Andrew C. A sumey of freshwater mussels in the West Pearl River, Mississippi and Louisian~1995 /by Andrew C. Miller, Barry S. Payne ; prepared for U.S. Army Engineer District, Vicksburg.
34p. : ill. ; 28 cm. --(Technical report; EL-97-21) Includes bibliographic references. 1. Freshwater mussels --Pearl River (M.iss. and La.) --Geographical distribution. 2. Unionidae -Pearl River (Miss. and La.) -Geographical distribution. III. Freshwater mussels --Pearl River (Miss. and La.) --Counting. 4. Unionidae --Pearl River (IMks. and La.) --Counting.
1 Tables   Table 1.   Table 2 . Results of recent surveys by persomel of the U.S. Army Engineer Waterways Experiment Station indicated that extensive beds of f~shwater mussels exist in the project area (Miller and Payne, in preparation) . In addition, the project area is within the range of the threatened inflated heelsplitter mussel, Potamilu.s inji'atus(U.S. Fish and WMlife Semite (USFWS) 1994). Personnel of the Vicksburg District nquested that a mussel suwey be conducted so that direct and indirect impacts of proposed channel work on mussels could be assessed. The primary objective was to search for P. inj7atu.s
List of

Freshwater mussels
Freshwater mussels (family: Unionidae) dominate the benthic biomass of stable gravel shoals in medium-sized to large rivers in the central United States. They are virtually nonmotile, live 20 or more years, and feed by fdtenng particulate organic matter ftom the water. Eggs are brooded in the gills, and immature mussels once released from the female spend a brief period on the fins or gills of a host fish (Coker 1919; Fuller 1974) . Before the advent of plastics, shells were used in the button industry; today they are used to culture pearls (Sweaney and Latendresse 1982; Sitwell 1985) . Once large-river species reach adult size, their thick shells make them invulnerable to most predators. Regardless of their ability to tolerate some natural and man-made disturbances, many species are considered to be imperiled (See Williams et al. 1993) . Since the late 1970s, Unionidae have received considerable legislative protection from local, State, and Federal agencies (USFWS 1994).
Freshwater mussels are usually found where water velocities vary from 0.5 to 1.5 ft/sec. Occasionally, thin-shelled mussels such as the paper pondshell, Utterbackia imbecillis, or the thick-shelled threeridge, Amblema p. plicata, reach densities of 200-300 individuals/square meter in water flowing less than 0.5 ft/sec. However, in most mussel beds, total unionid density ranges from 20 to 50 individuals/square meter.
Purpose and Scope
The purpose of this study was to search for common, uncommon, and the threatened mussel Potamilus in.atus in the project area, and to analyze the effects of maintenance dredging on the mussels. The project area extends from the mouth of the West Pearl River to RM 52.2 on the Pearl River.
Study Area and Methods
Study Area
The project area includes the southern tip of Mississippi and an eastern section of Louisiana ( Figure 1 , Table 1 ). Sample sites were on the West Pearl River, the lateral canal, and the Bogue Chitto River (F@re 1, Table 1 ).
Mussels were collected in the following reaches.
Upper Pearl River between Pools Bluff Sill and O. A. Green Port (Sites 14,15, 16)
Substratum in this reach consisted mainly of sand, silt, and gravel. Banks were steep and the shore was covered with flood-tolerant trees and shrubs. During the sampling period, water velocity was less than 0.5 ft/sec.
Bogue Chitto River
Qualitative searches for mussels were made at Site 12 in the mouth of the Bogue Chitto River (Figure 1 ). Searches were also made in the lateral canal near the sill that regulates flow into the lower Bogue Chitto River (Site 13). Substratum at these two sites consisted mainly of sand, silt and gravel. Quantitative and qualitative samples were taken in the Bogue Chitto River immediately downriver of the sill at the lateral canal. Substratum consisted of well-washed sand and gravel. Water velocity at the time of sampling was approximately 1.0 ft/sec.
Thirty quantitative samples for mussels were taken in the upper Bogue Chitto River along the right descending bank and approximately 100 m from the lateral canal. Substratum consisted of sand, gravel, and shells, with little or no mud or organic matter.
Lateral canal (Sites 42-45)
Substratum in this reach consisted mainly of sand, silt, and gravel. During the time of the survey, water velocity was less than 0.5 ft/sec. Sites surveyed for mussels using quantitative and qualitative methods in West Pearl River, 1995 (see Table 1 This is the second of two mussel surveys of the Pearl River for the Vicksburg District. In the previous survey, conducted at approximately the same time, quantitative and qualitative samples were collected in the Pearl River, Holmes Bayou, Wilson Slough, and the West Pearl River near Picayune, MS. A listing of sample sites, appropriate maps, and results of that sutvey can be found in Miller and Payne, in preparation.
Methods Preliminary reconnaissance
A preliminary reconnaissance of the study area (mouth of the West Pearl River to RM 52.2 on the West Pearl River) was conducted prior to initiating intensive sampling. This was accomplished by two individuals who traversed the area in a small boat and inspected the shore and shallow water for live mussels and dead shells. They obtained information on substratum conditions, water velocity, and presence of instream cover. Field notes were recorded and sites suitable for detailed study were marked on topographic maps. Sites with a high likelihood of containing mussels we= usually depositional areas, or immediately upriver of natural constrictions. Some low-density areas were searched to provide information to characterize the project area.
Qualitative and quantitative sampling was accomplished by divers in water deeper than 1 m and waders in shallow water. Divers and waders used the same collecting methods.
Qualitative mussel samples
Each collector placed a specific number of live mussels in nylon bags; usually 5 to 20. Collections were made without bias toward size or type. Workers attempted to exclude the Asiatic clam, CorbicuZa fh.zminea. If this species was inadvertently collected, it was later eliminated. The total time spent searching was recorded so that the number of mussels collected per minute was determined.
Special attention was directed toward locating live specimens or shells of the threatened heelsplitter mussel, P. inflaru.s. An intensive search for this species was made at or near exposed sand and gravel bars between Highways 59 and 90 (Figure 1 ).
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Chapter 2 Study Area and Methods All mussels were brought to the surface, counted, and identified.
Data were recorded on standard data sheets and returned to the laboratory for analysis and plotting. Shells of voucher specimens for each species were placed in plastic zipper lock bags and labeled with high rag content paper. Mussels not needed for voucher were returned to the river. Methods for sampling mussels were based on techniques described in Miller and Nelson (1983) ; Isom and Gooch (1986) ; Kovalak, Demis, and Bates (1986) ; Miller and Payne (1988); . Mussel identification was based on taxonomic keys and descriptive information in Murray and Leonard (1962) , Parmalee (1967) , Starrett (1971) , and Burch (1975) . Taxonomy was consistent with Williams et al. (1992) .
Quantitative mussel samples
In addition to qualitative methods, quantitative samples (that included unionids as well as C. jhwninea) were taken at Site 28 in the Bogue Chitto River (Figure 1 ). At this site, ten 0.25-sq m quadrats were obtained at each of three closely spaced subsites. All sand, gravel, shells, and live bivalves to a depth of 10-15 cm were excavated. Material was sent to the surface in a 20-1'bucket and transported to shore. Sediment was washed through a series of three screens. All live mussels (including C. j7uminea) removed from samples were placed in 4-( zipper lock bags. Each bivalve was then identified and total shell length (SL) measured to the nearest 0.1 mm with digital calipers. Mussels identified and measured in the field were returned to the river unharmed.
Analysis of mussel data
Species diversity was determined with the following formula:
where Pj is the proportion of the population that is of the jti species (Shannon and Weaver 1949), Evenness was calculated with the modified Hill's ratio (Ludwig and Reynolds 1988) . All calculations were done with programs written in BASIC or SAS (Statistical Analytical System) with a personal computer.
Bivalve Community
Characterization of Bivalve Community
Twenty-two species of bivalves, including the nonindigenous C. fluminea, were collected in the project area using quantitative and qualitative methods ( Table 2 ). The nonindigenous zebra mussel, D. polymoipha, introduced into the Great Lakes in the late 1980s, was not found. Live P. injl'atus, listed as threatened (USFWS 1994), was not found in the project area during this survey. Shells of this species were collected in the West Pearl River immediately upriver of the junction of Holmes Bayou (Miller and Payne, in preparation) . Two fresh-dead specimens were found in July 1995 in the West Pearl River, SL Tammany Parish (George, Dickerson, and Reine 1996) .
The bivalve community in the project area can be characterized as species rich and diverse; typically, no single species dominated (Table 3) . Based on qualitative collections, the most abundant species was Quudrula reji.dgens, which comprised 25 percent of the fauna and was found in 70 percent of all samples. The second most abundant species was Potamilus purpuratus, which comprised 16.7 percent of the fauna and was found in 74 percent of the samples. Eleven species each comprised 1-10 percent of the fauna and nine species were less than 1 percent of the collection. Most mollusc species had thick or moderately thick she~, thin-shelled species such as Pyganodon grandis and Leptodea fragilis were uncommon in the project area.
Description of Bivalves in Each River Reach Qualitative Collections from Upper Pearl River between Pools Bluff Sill and O. A. Green Port (Sites 14, 15, 16) and Bogue Chitto River (Sites 12 and 13)
Twelve species of mussels were collected at these sites. Collecting rate for alJ sites was low; overall, only 1.2 mussels were collected per minute. There was no single dominant species in t.hk collection; four species, P. purpuratus, Quadrula apiculata, Obliquaria rejlexa, and Q. rejldgens, each comprised approximately 20 percent of the fauna. In this river reach, Sites 14-16 had the greatest numbers of mussels; collection rate ranged from 0.8 to 7.4 individuals/ minute. Collecting rate at Site 12 in the lateral 'canal near the Bogue Chitto River was 0.8 mussels/minute. IrI the mouth of the Bogue Chhto River, no mussels were collected. 
Bogue Chitto River immediately downriver of Pearl River Canal
Thirty quantitative samples were collected at three subsites on a shoal approximately 300 m downriver up the lateral canal (Tables 4 and 5 ). Mean density ranged from 5.2 to 30.8 with an overall mean of 19.5 (Standard error= 18.5). This fauna was dominated by Q. refulgens, which made up 55 percent of the fauna. Two species comprised 15 and 11 percent of the fauna, and five species were between 1 and 6 percent of the fauna. Evidence of recent recruitment was moderate. Overall, 4.8 percent of the individuals and 14 percent of the species had at least one species less than 30 mm total SL. -Using qualitative methods, the mussel collecting rate at this location was 2.4 individuals/minute. Fourteen species of bivalves were collected.
Pearl River Canal (Sites 42-45)
Only seven species and 40 mussels were collected in this reach. The collecting rate was extremely low; only 0.13 individuals were collected/minute. Quadrula refulgens comprised 52 percent of the fauna, and Q. apiculata made up 17 percent of the fauna.
Lower Pearl River from just upriver of Highway 59 downriver to just beiow the Highway 90 Bridge (Sites 19-27, 46) A total of 424 mussels were collected at these sites. Sixteen species were taken, and overall rate was comparatively high, 3.14 individuals/minute. As 
Size Demography of Dominant Mussels
Sufficient numbers of four species were collected to analyze size demography (Figure 2 ). All were collected in the Bogue Chitto River at Site 28.
Bogue Chitto
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All of the Elliptio crassidens that were collected were greater than 100 mm total SL. It is likely that two to three cohorts were present, although the small number of individuals makes discrimination among size classes diff]cult. There was no evidence of recent recruitment for this fairly common species.
The population of C. jk.uninea consisted of two cohorts. One centered at 10 mm was the result of recruitment early in 1995. Only two individuals were collected that were close to 20-mm total SL. It is likely that these were recruited in the late summer or fall of 1994.
Only moderately sized to large Plectomerus dombeyanu.s were found at this location. There was no evidenee of reeent recruitment.
Although small numbers make it difficult to intepet this population, it is likely that three cohorts were present.
Good evidenee of reeent recruitment was found for the abundant Q. refulgens. One specimen was collected that was approximately 10 mm long, and the rest were greater than 20-mm total SL. The dominant cohort was approximately 50 mm with mortality likely occurring at around 60-mm total SL. A small cohort was likely present between 20 and 30 mm, and another centered at slightly less than 40-mm total SL. This species is doing well in this reach of the Bogue Chitto River. Overall densities were approximately 10 individuals/square meter, and evidence of recent recruitment was good.
Potamilus in flatus
Live specimens of P. inj7atus, listed as threatened, were not found in the projeet area. Miller and Payne, in preparation, collected shells of P. inj7atus in the Pearl River immediately upriver of the Pearl River Canal as part of the Walkiah Bluff project. In July 1995 two fresh dead P. inj7atus were collected in the West Pearl River, St. Tammany Parish (George, Dickemon, and Reine 1996) . The first was taken at the confluence of the Pearl River with the Pearl River Canal, and the seeond was taken under the I-59 Bridge. Based upon their position in the substratum, it appeared that both had died in situ and had not washed in from another location. Shells were in good condition, which indicates that they had been dead less than a year. No live P. inj7atus were collected. It is likely that with additional effoxt, live speeimens could be found. However, there is no doubt that live P. itzjlztus exist in this river reach. (22) is similar to that found in most medium-sized to large rivers in the central United States. At a gravel bar in the lower Ohio River near Olmsted, IL, 23 species of mussels were identified. In a survey of a gravel bar in the lower Tennessee River, 4,768 individuals were collected and 23 species were identified (Miller, Payne, and Tippett 1992) . In the east channel of the upper Mississippi River near Prairie du Chien, WI (RM 635), 30 species were identified (Miller et al. 1990) . In a survey of other sites in the Pearl River for the Walkiah Bluff Project, Miller and Payne, in preparation, identified 29 species of bivalves. Obviously, more species are in this watershed, but not at the sites surveyed for this project.
Based on quantitative sampling at Site 28 in the Bogue Chitto River, the fauna was dominated by Q. rejidgens (54.8 percent), with fewer numbers of L. claibornensis (15.1 percent), and E. crassidens (11.4 percent). Strong dominance by a single species caused the overall diversity to be fairly low, 1.0. Conversely, lack of a clear dominant species characterized a bed in the middle Ohio River near Cincinnati, OH, where the most abundant species was Pleurobema cordatum and Quadrula p. pustulosa, which together comprised 39.9 percent of the assemblage . At a bed in the lower Tennessee River, the fauna was dominated by A. p. p[icata (39.4 percent) and Fusconaia ebena (39.4 percent) (Miller, Payne, and Tippit 1992) .
In comparison with other large-river mussel beds, mean total unionid density at Site 28, which was 19,5 individuals/square meter, can be considered low. At an inshore and offshore site in the lower Tennessee River sampled in 1986 (32 quantitative sampies were collected at each), total mussel density was 187.7 and 79.7 individuals/square meter, respectively (Way, Miller, and Payne 1989) . In the middle Ohio River near Cincinnati, mussel density ranged from 4.4 to 52.4 individuals/square meter . In a survey of the upper Mississippi River at locations belween RMs 250 and 635, Miller et al. (1990) reported that total mussel density ranged from 5.2 to 333.2 individuals/square meter at 16 sites (10 quantitative samples were taken at each). At nearby sites in the Pearl River sampled for the Walkiah Bluff Project, total mean density ranged from less than 10 to more than 130 individuals/square meter, which can be considered moderate to high.
The number of individuals and species less than 30-rnm totaJ SL provides an estimate of recent recruitment. The overall percentage of individual native bivalves (excluding C. jhoninea) less than 30-mm total SL was 1.3 to 23.1 percent, which could be considered moderate. Occasionally, mussel beds are surveyed that exhibit evidence of strong recent recruitment. At a mussel bed in the lower Ohio River, a single cohort of F. ebena with an average shell length of 15.8 mm represented 71 percent of the population . However, several years passed before strong recruitment for this species was noted. At sites in the Sunflower River, central Mississippi, virtually no evidence of recent recruitment was noted (Miller and Payne 1995) .
The best mussel habitat in this project area was in the upper part of the Bogue Chitto River. Mussels were common, although in moderate to low densities between Highways 59 and 90. Mussels were uncommon in the lateral canal. The project area could be characterized as having moderate species richness, density, and evidence of recent recruitment, Species diversity is usually low where only a single species (typically Q. refdgen.s) dominates in the project area. Commercially valuable species were virtually nonexistent in the project area.
The nonindigenous C. j7uminea was present in low numbers at most sites in the project area. Another nonindigenous species, the zebra mussel, D. po2y-moqthz, was not found in the project area or at sites in the Pearl River and Holmes Bayou surveyed in 1995 (Miller and Payne 1995) .
Summary
The West Pearl River between the end of the lateral canal and just downriver of the 1-90 Bridge supports moderate-to high-density populations of mussels. The fauna consisted of common species; no unusual or endangered species were found. In the Bogue Chitto River (Site 28), moderately highdensity populations of mussels were located only along the right descending bank. If sediments fkom dredging have to be disposed downriver of the sill, the material should be directed toward the center of the channel or the left descending bank and away fmm the right bank to miss the mussels. In addition, sediments should be disposed as far downriver as possible to miss the existing mussel bed. The high current velocity in the Bogue Chitto River, approximately 1.0 ft/sec during the survey, should keep the sediments moving downriver.
It is likely that some mussels will be lost as a result of dredging and disposal of dredged material. Maintenance dredging will be done annually; therefore, mussels communities in these areas will not recover. Those areas 
